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(57)Abstract: 

PURPOSE: To heighten the filling density and use efficiency of an active material. 
CONSTITUTION: Regarding a non-sintered nickel positive electrode prepared by filling the 
pores of a current collector having a three-dimensional porous structure with an active material 
for alkaline storage batteries; 100 parts by weight of nickle hydroxide particles with 7-12p,m 
average particle size and bearing a conductive layer consisting of 0.5-2 parts by weight of 
calcium hydroxide and 5-15 parts by weight of cobalt hydroxide are used as the active material. 
Consequently, the capacity of an alkaline storage battery is increased by using the resulting 
nickel positive electrode for the battery. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The non-sintering nickel positive electrode for alkaline batteries characterized by forming 
the conductive layer to which said active material becomes the particle front face of the nickel 
hydroxide 100 weight section with a mean particle diameter of 7-12 micrometers from a calcium 
hydroxide 0.5 - 2 weight sections, and cobalt hydroxide 5-15 weight sections in the non-sintering 
nickel positive electrode for alkaline batteries which comes to fill up an active material in the hole of 
the charge collector which has a three-dimension vesicular structure. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to amelioration of said active material aiming at 
obtaining the detailed non-sintering nickel positive electrode for alkaline batteries with high pack 
density and utilization factor of an active material with respect to the non-sintering nickel positive 
electrode for alkaline batteries. 
[0002] 

[Description of the Prior Art] The non-sintering nickel positive electrode which uses nickel 
hydroxide as an active material is put in practical use as a positive electrode of alkaline batteries, 
such as a nickel cadmium battery. It is made to react, throwing in nickel nitrate in an alkali water 
solution, and carrying out stirring mixing as the manufacture approach of the above-mentioned 
nickel hydroxide, and the method of obtaining spherical nickel hydroxide as settlings is proposed. 
However, as it is, since the conductivity of nickel hydroxide was not good for the positive electrode 
using the nickel hydroxide obtained by this approach as an active material, the utilization factor of a 
positive electrode was low to it, and so, there was a problem that capacity was small in it. 
[0003] A calcium nitrate is thrown in with a nickel nitrate water solution in an alkali water solution in 
order to solve this problem, coprecipitation of nickel hydroxide and the calcium hydroxide is carried 
out, and the method of making a calcium hydroxide contain is proposed in order to raise conductivity 
in the powder of nickel hydroxide (coprecipitation method). 

[0004] However, there was a problem that the calcium-hydroxide content nickel hydroxide produced 
with this coprecipitation method had the low pack density of an active material to the non-sintering 
nickel positive electrode using this as an active material compared with the nickel hydroxide (usually 
particle size of about 6 micrometers or more) produced by the approach of settling independently 
the nickel hydroxide mentioned above since particle size was as small as 2-3 micrometers and bulk 
density was also small. 

[0005] Moreover, since a calcium hydroxide distributes and existed not only in the front face of an 
active material (calcium-hydroxide content nickel hydroxide) but in the interior when it produces 
with a coprecipitation method, conductivity had the problem that did not improve so much and the 
utilization factor of an active material so did not improve so much, either. Although the attempt with 
which it is filled up in the hole of the charge collector which carries out addition mixing of the 
electric conduction agents, such as cobalt hydroxide, separately into the slurry containing an active 
material (calcium-hydroxide content nickel hydroxide), and has the shape of sponge and a fibrous 
three-dimension vesicular structure about this problem is proposed, since it is most difficult to 
make homogeneity distribute cobalt hydroxide and calcium-hydroxide content nickel hydroxide in 
the hole of a charge collector, the actual condition has come to obtain a nickel positive electrode 
with the utilization factor of an active material high enough. 

[0006] This invention is made in view of the above situation, and the place made into the purpose is 



http:/ / www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



10/29/2004 



Page 2 of 5 



to offer the non-sintering nickel positive electrode for alkaline batteries with high pack density and 

utilization factor of an active material. 

[0007] 

[Means for Solving the Problem] In the non-sintering nickel positive electrode for alkaline batteries 
with which the non-sintering nickel positive electrode for alkaline batteries concerning this invention 
for attaining the above-mentioned purpose (the "this invention electrode" is called hereafter.) 
comes to fill up an active material in the hole of the charge collector which has a three-dimension 
vesicular structure, the conductive layer to which said active material becomes the particle front 
face of the nickel hydroxide 100 weight section with a mean particle diameter of 7-12 micrometers 
from a calcium hydroxide 0.5 - 2 weight sections, and cobalt hydroxide 5-15 weight sections is 
formed. 

[0008] The mean particle diameter of nickel hydroxide is regulated by 7-12 micrometers. While the 
particle size of an active material is too small in the case of less than 7 micrometers and being hard 
coming to fill this up in the hole of a charge collector Since bulk density becomes small, on the 
other hand, it is 12 micrometers (since the thickness of a conductive layer is usually about 1 
micrometer, the mean particle diameter of the active material particle in this case is usually set to 
about 13 micrometers.). Since particle size is too large although the bulk density of nickel hydroxide 
becomes large when it exceeds, and it is hard coming to be filled up in the hole of a charge 
collector, in any case, the pack density of an active material is because it becomes low. 
[0009] Nickel hydroxide is obtained as precipitate by throwing in nickel nitrate, a nickel sulfate, etc. 
in an alkali water solution, and carrying out stirring mixing. In order to obtain nickel hydroxide with a 
mean particle diameter of 7-12 micrometers, it is necessary to adjust suitably pH of an alkali water 
solution, agitating speed, mixing time, etc. For example, what is necessary is just to be pH [ of an 
alkali water solution ] 1 1**0.1, agitating speed 800rpm, and mixing time 60 hours, in producing 
1 1**0.1 and agitating speed for pH of an alkali water solution and producing 12 hours, then the 
nickel hydroxide powder whose mean particle diameter it is good and is 12 micrometers for 400rpm 
and mixing time, when mean particle diameter produces the nickel hydroxide powder which is 7 
micrometers. 

[0010] Since the case of under the 0.5 weight sections does not yet have enough conductivity, the 
rate of the calcium hydroxide in a conductive layer is regulated by 0.5 - 2 weight section to the 
nickel hydroxide 1 00 weight section because the rate of the nickel hydroxide in an active material 
decreases and the fall of capacity is caused, when the utilization factor of an active material does 
not fully improve but 2 weight sections are exceeded on the other hand. 
[001 1] Moreover, it depends on the same reason [ that the rate of the cobalt hydroxide in a 
conductive layer is also regulated by 5 - 15 weight section to the nickel hydroxide 100 weight 
section ] as the above. That is, since the case of under 5 weight sections cannot fully raise 
conductivity, when improvement in the utilization factor of an active material is not fully attained but 
exceeds 15 weight sections on the other hand, it is because the rate of the nickel hydroxide in an 
active material decreases and the fall of capacity is caused. 
[0012] 

[Function] Since the active material of a moderate particle size is used, the pack density of an 
active material becomes high. Moreover, since the conductive layer containing the calcium hydroxide 
and cobalt hydroxide of the specified quantity exists on the surface of an active material, the 
conductivity of an active material improves and, as a result, the utilization factor of the active 
material of a nickel positive electrode becomes high. 
[0013] 

[Example] It is possible to change this invention suitably in the range which is not limited at all by 
the following example and does not change the summary, and to carry out hereafter, although this 
invention is further explained to a detail based on an example. 

[0014] (Example 1) Threw in the nickel nitrate water solution in the water solution adjusted to pH 
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1 1**0.1 with a sodium hydroxide and ammonia, and it was made to react for 24 hours, carrying out 
stirring mixing by 600rpm, and spherical nickel hydroxide was obtained. 

[0015] Subsequently, threw in the above-mentioned nickel hydroxide powder, the cobalt nitrate 
water solution, and the calcium nitrate water solution in the water solution adjusted to pH 11**0.1 
with a sodium hydroxide and ammonia, and it was made to react for 24 hours, carrying out stirring 
mixing by 600rpm, and the conductive layer which consists of cobalt hydroxide and a calcium 
hydroxide was formed in the particle front face of nickel hydroxide, and this was rinsed, it dried, and 
the active material was obtained. 

[0016] When ICP analyzed the rate of the cobalt hydroxide to the nickel hydroxide 100 weight 
section in a conductive layer, and a calcium hydroxide, they were 10 weight sections and 1 weight 
section, respectively. In addition, ICP also analyzes all the ratios of each metal mentioned later. 
[0017] Next, the water solution of the above-mentioned active material 100 weight section and the 
carboxymethyl-cellulose 0.5 weight section as a thickener (after electrode production is committed 
as a binder.) was kneaded, it considered as the slurry, foaming metal was filled up with this slurry, 
and this invention electrode NA1 was produced. 

[0018] A nickel nitrate water solution, a cobalt nitrate water solution, and a calcium nitrate water 
solution (Example 1 of a comparison) By the mole ratio 98:1:1 of nickel:cobalt:calcium It supplies in 
the water solution adjusted to pH 1 1**0.1 with a sodium hydroxide and ammonia. It is made to react 
for 24 hours, carrying out stirring mixing by 600rpm, and coprecipitation of nickel hydroxide, cobalt 
hydroxide, and the calcium hydroxide was carried out, and this coprecipitate was rinsed, it dried, and 
the reference electrode NB1 was produced like the above-mentioned example 1 except having 
obtained the active material. 

[0019] [Utilization factor of an active material] After assembling the trial eel and charging this trial 
eel with the current of 1/1 0C like the after-mentioned for 16 hours using this invention electrode 
NA1 and a reference electrode NB1, it discharged to discharge-final-voltage 0.8V with the current 
of 1/3C, the discharge capacity of each trial eel was measured, and the utilization factor of the 
active material of the positive electrode of each trial eel was searched for based on the following 
formula. A result is shown in Table 1. 

[0020] It piles up in the form which uses the <assembly of trial cel> this invention electrode NA1, 
and a reference electrode NB1 as a test electrode (positive electrode), and carries out full opposite 
through a nylon separator by making into a counter electrode the paste type cadmium pole which 
has a sufficiently big electrochemistry capacity to this test electrode. This is put into a polyethylene 
bag and ****** (40Kgf) is applied from both sides. The specific gravity 1.23KOH water solution was 
put into this, and the open sand mold single electrode eel was produced. 

[0021] Discharge capacity (mAh) x100of utilization factor (%) = trial eel of <formula of utilization 
factor of active material> active material/{the geometric capacity (mAh/g) per active material 
(weight g) x unit active material weight} 

Geometric capacity per unit active material weight (mAh/g) = constituent 1 (weight of the 
constituent 3 per 1g of geometric capacity x active materials of the weight (wt%) + constituent 3 
(calcium2 (OH)) of the constituent 2 per 1g of geometric capacity x active materials of the weight 
(wt%) + constituent 2 (Co2 (OH)) of the constituent 1 per 1g of geometric capacity x active 
materials of nickel (OH)2 (wt%)) 

[0022] For example, they are nickel(OH) 2 289.0 mAh/g, Co(OH) 2 288.3 mAh/g, and calcium(OH) 2 
723.4 mAh/g. 
!0023] 
Table 1] 







N A 1 


1 0 2 


NB 1 


9 5 
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[0024] As shown in Table 1, a reference electrode NB1 has [ this invention electrode NA1 ] the 
utilization factor of an active material as low as 95% to a thing with the as high utilization factor of 
an active material as 102%. 

[0025] [The mean particle diameter of an active material, the tap bulk density of an active material; 
and pack density of an active material] The mean particle diameter in the FISHA size of the active 
material used for production of each positive electrode of this invention electrode NA1 and a 
reference electrode NB1 and tap bulk density, and the pack density of the active material of this 
invention electrode NA1 and a reference electrode NB1 were investigated. A result is shown in 
Table 2. In addition, since the mean particle diameter and tap bulk density of nickel hydroxide itself 
before forming a conductive layer in the active material used for this invention electrode NA1 were 
also investigated, the result is also collectively shown in Table 2. 



0026] 
[Table 2] 




(ft m) 


(ff/c c) 


(g/c c) 


N A 1 




9.1 


2.3 






9.5 —10.1 


2.4 ~2.6 


2.80 


NB 1 


3.2 


1.3 


2.10 



[0027] The pack density of the active material of a reference electrode NB1 is low in cc and 

2.1 Og /to a thing with the pack density of the active material of this invention electrode NA1 high in 

cc and 2.80g /. This is based on the reason shown below. 

[0028] The mean particle diameter of the nickel hydroxide used for this invention electrode NA1 is 
9.1 micrometers, and the mean particle diameter of an active material is 9.5-10.1 micrometers. All 
have large mean particle diameter. Moreover, the tap bulk density of nickel hydroxide is 2.3g/cc, and 
the tap bulk density of an active material is 2.4-2.6g/cc. All have large tap bulk density. On the 
other hand, the mean particle diameter of the active material used for the reference electrode NB1 
is as small as 3.2 micrometers, and its tap bulk density is small in cc and 1 .3g /. The difference of 
the pack density of the active material of this invention electrode NA1 and a reference electrode 
NB1 is based on the size of such mean particle diameter and bulk density. 
[0029] the cobalt hydroxide to [nickel hydroxide — comparatively — ** — related] with the 
utilization factor of an active material — this invention electrode and the reference electrode were 
produced like the example 1 except having used the active material (each calcium hydroxide being 1 
weight section) of the cobalt hydroxide to the nickel hydroxide 100 weight section which is 0 weight 
section, 5 weight sections, 1 5 weight sections, or 20 weight sections comparatively. Subsequently, 
the trial eel was assembled like the point using these this invention electrode and the reference 
electrode. And charge and discharge were carried out on the same conditions as the point, the 
utilization factor of an active material was searched for from the above-mentioned formula, and the 
relation of the rate of cobalt hydroxide and the utilization factor of an active material over nickel 
hydroxide was investigated. A result is shown in drawing 1 . In addition, the result about this 
invention electrode NA1 (cobalt hydroxide 10 weight section) is also shown in drawing 1 . 
[0030] drawing 1 — the utilization factor of the active material of each electrode, and the cobalt 
hydroxide in a conductive layer — comparatively — ** — relation — an axis of ordinate — the 
utilization factor (%) of an active material — moreover, it is the graph by which weight number of 
copies of the cobalt hydroxide in the conductive layer to the nickel hydroxide 100 weight section 
was taken and shown on the axis of abscissa, and as shown in this drawing, when the rate of the 
cobalt hydroxide in the conductive layer to the nickel hydroxide 100 weight section is made into 5 - 
1 5 weight section, it turns out that the utilization factor of an active material can be made high. 
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[0031] the calcium hydroxide to [nickel hydroxide — comparatively — ** — related] with the 
utilization factor of an active material — this invention electrode and the reference electrode were 
produced like the example 1 except having used the active material (each cobalt hydroxide being 10 
weight sections) of the calcium hydroxide in the conductive layer to the nickel hydroxide 100 weight 
section which is 0 weight section, the 0.3 weight sections, the 0.5 weight sections, the 1.5 weight 
sections, 2 weight sections, the 2.5 weight sections, or 3 weight sections comparatively. 
Subsequently, the trial eel was assembled like the point using these this invention electrode and the 
reference electrode. And charge and discharge were carried out on the same conditions as the 
point, the utilization factor of an active material was searched for from said formula, and the relation 
of the rate of a calcium hydroxide and the utilization factor of an active material over nickel 
hydroxide was investigated. A result is shown in drawing 2 . In addition, the result about this 
invention electrode NA1 (calcium-hydroxide 1 weight section) is also shown in drawing 2 . 
[0032] drawing 2 — the utilization factor of the active material of each electrode, and the cobalt 
hydroxide in a conductive layer — comparatively — ** — relation — an axis of ordinate — the 
utilization factor (%) of an active material — moreover, it is the graph by which weight number of 
copies of the calcium hydroxide in the conductive layer to the nickel hydroxide 1 00 weight section 
was taken and shown on the axis of abscissa, and as shown in this drawing, when the rate of a 
calcium hydroxide to the nickel hydroxide 100 weight section is made into 0.5 - 2 weight section, it 
turns out that the utilization factor of an active material can be made high. 
[0033] 

[Effect of the Invention] The pack density and the utilization factor of an active material are high. 
So, high capacity-ization of cell capacity is attained by using as a nickel positive electrode of an 
alkaline battery. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph of the cobalt hydroxide in the conductive layer to the nickel hydroxide 
100 weight section which shows relation with the utilization factor (%) of an active material 
comparatively (weight section). 

[Drawing 2] It is the graph of the calcium hydroxide in the conductive layer to the nickel hydroxide 
100 weight section which shows relation with the utilization factor (%) of an active material 
comparatively (weight section). 



[Translation done.] 
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